The dried marine microalga Dunaliella tertiolecta was fed to weaning albino rats for 12 days as the sole protein source at a protein level of 12% protein from casein. Plasma cholesterol, triglycerides, and CPK levels were significantly lower in animals given the microalgal diet than in the control group with values 19.12 %, 45.80%, and 43.90% lower, respectively. These results suggest that the marine microalga Dunaliella tertiolecta has potential application as a hypocholesterolemic or hypolipidemic agent.
Introduction
There are numerous reports on the hypocholesterolemic properties of a variety of materials derived from biological sources and foods (1) but the hypocholesterolemic properties of microorganisms are less well known. Hypocholestero1emic substances have been found in fungi such Penicillium (2) , Monascus species (3), Aspergillus terreus (4) , and Fusarium graminearum (5).
In trials involving the feeding of weaning rats with freshwater micro algae, it was observed that the serum cholesterol levels were lower in animals given the microalgal diets than in controls fed on a casein-based standard diet. This hypocholesterolemic effect increased as the percentage of microalgae in the diet increased (6, 7, 8, 9) . This cholesterol lowering property has not been observed in marine microalgae.
In the present paper, we show the decrease in the plasma cholesterol, triglycerides, and CPK (creatine phosphokinase) of weaning albino rats fed on the marine microalga Dunaliella tertiolecta.
Materials and Methods
Dunaliella tertiolecta (Chlorophyceae) was obtained from The Culture Centre of Algae and Protozoa, Cambridge, England, and was cultured under conditions previously described (10) . The cells were collected by centrifugation at the end of the logarithmic phase and dried in an oven at 60°C for 24-30 h.
In the test diet, the marine microalga Dunaliella tertiolecta was the sole source of protein. Casein was the protein source in the control diet. The standard AOAC (11) procedure was used for protein analysis and the protein contents of the feeds were calculated as N x 6.25. Taking into account the nutritional requirements of the rats (12, 13) and the protein content and amino acid profile of D. tertiolecta (14) , the diets were formulated using a linear programme operated on Hewlett Packard HP 9817 Computer.
The formulae of the control and microalgal diets are shown in Table 1 .
Female Wistar weaning rats weigh 40-48 g were randomly divided into two groups of ten. The rats were caged individually, and food and water were given ab libitum.
The rats were maintained at 25°C and subjected to alternating 12 h periods of light and darkness. The animals were given the test diets for 12 days and food consumption was measured daily. At the end of this period, the individual body weights were recorded and blood was collected for serum determinations.
The plasma obtained by centrifugation of total blood was analyzed for cholesterol, triglycerides, and CPK using an automatic analyzer (HITACHI 737). 
Results and Discussions
The test diet with 25 % of dried D. tertiolecta supplies 12 % of protein in the feed, which covers the requirements of the weaning rats. The amino acid profile of D. tertiolecta covers the amino acids requirements of the rat except for methionine (14, Planta medica 1988 12, 13) and, therefore, the microalgal diet was supplemented with 0.3 % of methionine. In this way, the essential amino acids requirement of the rats are covered. The control diet is supplemented with 0.5 % of methionine because casein is deficient in this amino acid. Both diets were adjusted a t4 % of crude fibre and 8% of oil by appropriate additions of cellulose and olive oil.
The analysis of minerals (15) of the microalga and the adjustment by linear programmation according to the requirements of the rat (12, 16, 17) indicate that the dried microalga.at a 25% level in the diet covers all these requirements. Therefore, mineral mixture was not added to microalgal diet. If we added mineral salts, diarrhea was produced in the rats, probably due to a high increase in the salts proportions in the feed by the sum of the salts added and the salts provided by the marine microalga.
There were very good food intakes in both control and test rats, suggesting that the results of this study cannot be ascribed to decreased feed intake during the experimental period. The intake of food and drink was similar in both groups and theweight gained at the end of the assay was 49.57 ± 5.12 g for the rats fed on the control diet and 39.10 ± 5.65 g for the rats fed on D. tertiolecta.
A non-parametric test of Mann-Witney-Wilcoxon indicates a significant (p < 0.01) decrease in the plasma cholesterol, triglycerides, and CPK levels in rats fed on D.
tertiolecta as compared to rats fed on control diet of casein (Table 11 ). The levels of cholesterol, triglycerides. and CPK in plasma of rats fed on D. tertiolecta were 19.20%, 45.80% and 43.90%, respectively, lower than in plasma of rats fed on the control diet of casein. This cholesterol lowering property has not been found previously in any marine microalga, although this effect has been observed with freshwater mi.:roargae. \V'here the hypocholesterolemic effect increased as the percentage of microalga in diet was increased (6, 7,8.9 ) .
